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Moxalactam kinetics during continuous ambulatory peritoneal dialysis (CAPD) was followed in eight patients
after a single intraperitoneal dose of 1 g. Approximately 60% of the dose was absorbed after a dwell time of
4 h. Dialysis solutions were exchanged at 4-h intervals with an overnight dwell of 8 h. The mean (± standard
deviation) elimination half-life was 13.2 2.9 h, and the mean apparent volume of distribution was 0.22 ± 0.08
liters/kg. Mean total clearance was 11.5 2.4 ml/min, with a mean dialysis clearance of 2.3 ± 0.5 ml/min. The
maximum concentration in plasma ranged from 24.5 to 54.1 ,ug/ml. Moxalactam concentrations in the
peritoneal dialysis fluid were above 80 ,ug/ml during the first exchange and above 2 ,Ig/ml for a further three
exchanges. A suggested intraperitoneal dose regimen for patients undergoing CAPD is 1 g initially, followed by
15 to 25% of the recommended dose for normal patients given at the same time intervals, or 30 to 50% of the
recommended dose at twice the usual intervals. Moxalactam is suggested for initial treatment of peritonitis in
CAPD patients who do not have ready access to the antibiotic of choice.

Continuous ambulatory peritoneal dialysis (CAPD) is an
increasingly popular form of dialysis treatment for end-stage
renal disease. The major complication of this dialysis
method is the frequency of episodes of peritonitis. These
infective episodes are usually caused by gram-positive
staphylococci, but other organisms, including gram-negative
bacteria and fungi, have been implicated (22).
Many CAPD patients live in remote areas where access to

trained personnel and new antibiotics is limited. The delays
involved in travelling to the major dialysis centers may result
in a worsening of the patient's condition and a longer
hospital stay. Microbiological examination of the contami-
nated dialysate is necessary before antibiotic therapy di-
rected against the infecting organism can be instituted,
whereas empirical antibiotic therapy is instituted at the
earliest opportunity after arrival at the dialysis center.
Moxalactam has a useful spectrum of activity for this empir-
ical treatment but requires trained personnel for administra-
tion via the recommended routes (intravenous or intramus-
cular).
Moxalactam is a semisynthetic ,B-lactam antibiotic with

activity against a broad range of gram-positive and gram-
negative aerobic and anaerobic bacteria (8, 21). In normal
subjects, approximately 80% of an intravenous dose is
excreted unchanged in the urine (11, 18), and it has been
shown that patients with renal impairment require a change
in the dose regimen to avoid drug accumulation (3, 12, 24).
After the hemodialysis of patients with renal failure, an
adjustment of the subsequent dose is necessary to compen-
sate for the increased clearance of moxalactam during the
dialysis period (2, 9, 12). However, for patients with renal
failure, who are undergoing CAPD, dosage adjustment to
account for any loss of moxalactam via the peritoneal cavity
appears unnecessary (19, 24). No data are currently avail-
able on the pharmacokinetics of moxalactam after single-
dose intraperitoneal administration. This study was per-
formed to assess the concentration of moxalactam achieved
in plasma and dialysis fluid after administration of a 1-g

* Corresponding author.

intraperitoneal dose to patients on CAPD and to compare the
pharmacokinetic data obtained with previously reported
results after intravenous administration to CAPD patients.

MATERIALS AND METHODS

Subjects. Eight patients (six female, two male) suffering
from end-stage renal disease, undergoing CAPD, and with no
visible symptoms of peritonitis participated in the study
(Table 1).

Subjects were given moxalactam disodium (equivalent to 1
g of moxalactam; Eli Lilly & Co.) in 2 liters of peritoneal
dialysis fluid containing 0.5 to 4.25% anhydrous glucose
(Travenol Laboratories, Australia) and 1,000 U of heparin.
The solution was administered via a Tenckhoff catheter over
a period of 10 + 2 min (mean + standard deviation) and
allowed to remain for approximately 4 h. Further moxa-
lactam-free dialysate exchanges were performed at intervals
of approximately 4 h, with the exception of an overnight
dwell time of approximately 8 h.

Sampling. During the initial dialysis exchange, plasma
samples were obtained before and at 5, 10, 15, 20, and 30 min
and 1, 2, and 4 h after the midpoint of drug administration.
Subsequent plasma samples were obtained before drainage
of successive dialysis solutions for a minimum of five ex-
changes. Dialysis fluid samples were obtained before and at
1, 2, and 3 h after administration and after drainage of the
initial dialysis solution containing moxalactam. The next one
or, where possible, two exchanges were similarly sampled
immediately and at 1, 2, and 3 h after installation and after
drainage. For each subsequent exchange, samples were
taken after drainage.

Dialysis fluid samples were taken via the Tenckhoff cath-
etei after allowing approximately 100 ml to drain. The
drained fluid was restored to the peritoneal cavity. Any urine
passed during the study was collected. Samples were stored
at -20°C for a maximum of 40 days before the assay.

Assay. To 0.5 ml of plasma was added 0.1 ml of an aqueous
solution of oxypurinol (150 p,g/ml), 0.1 ml of hydrochloric
acid, and 2.0 ml of ethyl acetate. The mixture was shaken on
a vortex mixer for 15 s and centrifuged for 10 min. The upper
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TABLE 1. Subject characteristics and drug history
Patient Sex Age Body wt Period on Comments" Other drugs'
no. (yrs) (kg) CAPD

1 M 52 70 14 mo Ranitidine, amoxicillin, Calcitriol
2 M 29 70 2 mo On hemodialysis also, but not during Indomethacin, calcitriol

test period.
3 F 53 54 5 days
4 F 65 67 14 mo
5 F 73 48 6 wk Calcitriol, cephalothin
6 F 61 60 1 mo Myocardial infarction 3 wks before Digoxin, prazosin, prednisolone

study. yGT, 251.
7 F 53 45 2 wk AST, 415. Liver function tests Thyroxine, flunitrazepam, insulin

normal before and after admission.
8 F 54 51 5 days AST, 71; yGT, 135. Chronically Calcitriol, KC1, propranolol,

abnormal liver function tests nitrazepam, prednisolone,
before study. Normal biopsy. vancomycin
Cholecystectomy.

a yGT, Gamma glutamyltransferase in serum (normal, <35 U/liter); AST, asparatate aminotransferase in serum (normal, <45 U/liter). Liver function tests for
bilirubin, gamma glutamyl transferase, and aspartate aminotransferase were normal except where specified.

All patients were taking vitamins B and C and aluminium hydroxide.

organic layer was transferred to a pointed centrifuge tube,
and the volume was reduced to approximately 0.1 ml under
a gentle stream of nitrogen. After the addition of 0.05 ml of
Tris buffer (0.2 mol/liter, pH 8.5), the mixture was shaken for
1 min and then centrifuged for 5 min. The ethyl acetate was
aspirated, and 0.02 ml of the remaining aqueous phase was
injected into the liqu,id' chromatograph. Dialysis fluid sam-
ples subsequent to the first exchange were similarly assayed.
For some patients it was necessary to extract the plasma and
dialysis fluid samples a,fter the addition of hydrochloric acid
with either diethyl ether or chloroform before subsequent
extraction with ethyl acetate. This removed any compounds
with retention times similar to those of oxypurinol or the
moxalactam epimers.

After the addition of'2 ml of a solution of oxypurinol (150
,ug/ml), samples (2 ml) of dialysis solution from the initial
excbange were diluted to 20 ml with distilled water. A
Q.02-ml sample was injected into the liquid chromatograph.
Moxalactam containing equal proportions of the R- and

S-epimers was used as a standard. Standard curves for both
the R- and the S-epimer were prepared in either drug-free
plasma or drug-free dialysis fluid by plotting the ratio of the
peak height of each epimer to that of oxypurinol against the
total moxalactam concentration. For the patient samples in
which no interference with either epimer peak occurred, the
total moxalactam concentration was calculated from both
standard curves, and the two values were averaged. On the
few occasions in which interference to one of the epimers
occurred, the total concentration of moxalactam was deter-
mined from the peak height ratio of the other epimer (see
below). For the determination of moxalactam in plasma, the
coefficient of variation at 5 pLg/tpl was 5% (n = 10), and the
limit of sensitivity was 1 Rg/mml.
Chromatography was performed with an M-45 pump U6K

injector, Radial Compression Module and A440 detector set
at 280 nm (Waters Associates). The mobile phase (5%
methanol in 0.Q5 mol of ammonium acetate buffer, pH 6.5,
per liter) was pumped at 2.0 ml/min through a 10 ,uRadial-
Pak C18 cartridge. The retention times for oxypurinol and R-
and S- moxalactam were 4.7, 5.9, and 8.4 min, respectively
(Fig. 1).
Data analysis. The elimination rate constant was deter-

mined by linear regression analysis of data for the log of the
moxalactam concentration in plasma versus time from the

time of drainage of the initial dialysis solution (i.e., in the
postabsorption phase). The area under the plasma concen-
tration-time curve was obtained by the trapezoid rule ex-
trapolated to infinity with the elimination rate constant. The
amount of drug absorbed was calculated by subtracting the
amount remaining in the initial dialysis exchange solution
after drainage from the amount added to the solution before
administration. The amount absorbed was divided by the
administered dose to determine the fraction of the dose
absorbed.
The plasma clearance (CLp) ,was calculated by dividing the

amount absorbed by the area under the plasma concentra-
tion-time curve. Peritoneal dialysis clearance (CLD) was
calculated from each dialysis excha,nge, other than the initial
exchange, by dividing the rate of recovery of moxalactam in
the dialysate by the interpolated concentration in plasma at
the midpoint of the respective dialysis interval; the values
were averaged from each patient. The volume of distribution
(V) was calculated by dividing the CLp by the elimination
rate constant. Unless otherwise indicated, data for the group
are expressed as mean ± standard deviation.

RESULTS
Figure 2 shows the moxalactam concentrations achieved

in both plasma and dialysis fluid for a typical patient. A
log-linear relationship was observed between plasrna con-
centration and time, after the initial dialysis exchange, for all
patients (r > 0.96).

Figure 3 shows the average plasma concentration-time
data for seven of the eight patients studied. The calculated
half-life was 13.2 ± 2.9 h. Patient 8 was excluded because
the' concentration of moxalactam in plasma declined more
slowly, with a half-life of 37.9 h (see below). Maximum
concentrations in plasma, achieved at the end of the first
dialysis exchange, ranged from 24.5 to 54.1 ,ug/ml (mean,
38.6 + 12.7 ,ug/ml).
The concentration of moxalactam in the dialysis fluid at

the end of the first dialysis exchange ranged from 84 to 286
,ug/ml (mean, 214 ± 62 ,ug/ml). The concentration of
moxalactam achieved in dialysis fluid at the end of three
dialysis exchanges subsequent to the first exchange are
shown in Fig. 4. Average concentrations of 15.6 ± 6.1, 8.4 ±
3.9, and 7.1 ± 4.1 ,ug/ml were found after the second, third,
and fourth exchanges, respectively.
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FIG. 1. Liquid chromatograms obtained after the extraction of
blank patient plasma (A) and the same patient's plasma containing
9.1 pug of total moxalactam per ml (B).

The pharmacokinetic parameters are listed in Table 2. The
values for patient 8 were excluded from the calculation of
mean values for the various parameters. CLD for each
patient was calculated as the average (+ standard deviation)
of the clearance values found for each dialysis exchange
subsequent to the initial exchange. However, for patient 7,
only the second dialysis exchange was used to determine
CLD. Subsequent exchanges gave concentrations of moxa-
lactam in the dialysis fluid which were too low to allow an
accurate determination of clearance. Since the number of
CLD determinations for each patient differed, individual
mean CLD was used to calculate an average (+ standard
deviation) CLD for the study group (excluding patient 8) of
2.3 ± 0.5 ml/min. CLD accounted for 20.0 + 5.2% of the total
clearance in seven of the eight patients. For patient 8, CLD
accounted for 89.3% of the total clearance.
Only two of the subjects, patients 3 and 7, passed urine

during the study. However, some of the urine samples were

stored incorrectly after collection. Despite the fact that
neither moxalactam epimer was detected in any of the urine
samples that were stored correctly, these results were ex-
cluded from further analysis.

DISCUSSION

Moxalactam injection consists of approximately equal
amounts of an R- and S-epimer. Yamada et al. (25), Luthy et
al. (13), and Wright et al. (24) reported that the half-lives of
the R- and S-epimers in plasma differed after the intravenous
administration of 1 g to normal subjects. It appears that,
because it is less bound to plasma protein than the S-epimer
(25), the R-epimer is more rapidly cleared by the renal route.
This is reflected by a change in the ratio of the R-epimer to
the S-epimer in plasma and urine with time (11, 13).
The above workers used a high-pressure liquid chroma-

tography procedure which allowed the determination of the
moxalactam epimers in plasma and urine without epimeriza-
tion. Luthy et al. (13) and Wright et al. (24) precipitated
plasma proteins before high-pressure liquid chromatogra-
phy. Preliminary experiments in this laboratory in which
protein precipitation was used before high-pressure liquid
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FIG. 2. Concentration-time curve of moxalactam in plasma (0)

and dialysis fluid (0) after intraperitoneal administration of 1 g to
patient 5. Arrows indicate the time at which dialysis fluid was
exchanged.
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chromatography for the determination of moxalactam in
plasma from patients with renal failure showed a high level
of interference from endogenous and exogenous com-
pounds. Ziemniak et al. (26) also found that this procedure
had limited application when plasma from critically ill pa-
tients with varying degrees of renal function was to be
assayed for moxalactam. An improved method developed by
these workers, in which solvent extraction was used after
the addition of acid, was modified for use in this study. The
modified procedure, however, allowed an interconversion to
occur between the R- and S-epimers (7). Hence, the ob-
served concentrations of the R- and S-epimers in plasma and
dialysis fluid represent an artifact of the procedure. The ratio
of the peak heights of the R-epimer to those of the S-epimer
was the same in plasma and dialysis fluid for both the
standard concentrations of total moxalactam and the patient
samples. If any chromatographic interference did arise with
either epimer, then the peak height of the other epimer could
be used to determine the total moxalactam concentration.
For patients with renal failure showing a long half-life for
moxalactam, this assay procedure is acceptable, since the
reported change in the ratio of the plasma concentrations of
the R-epimer to those of the S-epimer with time is very small
(24).

In the present study, for the six subjects who did not pass
urine, moxalactam was cleared by either dialysis or other,
nonrenal mechanisms. Presumably, most of the nondialysis
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FIG. 4. Concentration of moxalactam in peritoneal dialysis fluid
at the end of each dialysis exchange subsequent to the first ex-
change. Symbols represent patients as follows: 0, 1; V, 2; 0, 3; A,
4; *, 5; V, 6; A, 7.

FIG. 3. Mean plasma concentration-time curve of moxalactam in

seven patients after intraperitoneal administration of 1 g of

moxalactam (mean ± standard error). Data for patient 8 was

excluded.

(or other, nonrenal) elimination could be accounted for by
hepatic clearance, since relatively high concentrations of
moxalactam have been found in bile (14, 15). The calculated
nondialysis clearance for five of these six subjects (excluding
patient 8; see below) of 9.7 ± 2.4 ml/min compares favorably
with that calculated by Aronoff et al. (2) (12.8 ± 2.0 ml/min),
Jacobsen et al. (9) (9.3 ± 4.9 ml/min), and Singlas et al. (19)
(4.2 ± 0.6 ml/min) after intravenous administration to sub-
jects with a creatinine clearance of less than 8 ml/min.
Jacobsen et al. (9) and Aronoff et al. (2) determined the
concentration of moxalactam in plasma by microbiological
assays, using Escherichia coli ATCC 10536 and E. coli
ATCC 4157, respectively, as the test organisms. The sus-
ceptibility of either of the two microorganisms to each
moxalactam epimer has not been reported. However, since
no significant change with time in the ratio of the two
epimers would be expected in patients with end-stage renal
disease or with creatinine clearance values of less than 8
ml/min, then comparable results should be obtained ir-
respective of whether moxalactam is determined by high-
pressure liquid chromatography or by microbiological assay.
The total CLp determined in the subjects during the
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TABLE 2. Moxalactam kinetics after intraperitoneal administration of 1 g
Patient no. CLp (ml/min) CLD (ml/min) keib (h-') t1/2' (h) V (liters/kg)

1 0.51 9.2 2.8 ± 0.8 0.0394 17.6 0.20
2 0.63 9.7 1.7 ± 0.5 0.0550 12.6 0.15
3 0.62 8.7 1.8 ± 0.5 0.0592 11.7 0.16
4 0.47 13.7 2.8 ± 0.6 0.0606 11.4 0.20
5 0.56 14.8 2.8 ± 0.6 0.0643 10.8 0.29
6 0.83 12.9 1.7 ± 0.6 0.0624 11.1 0.21
7 0.43 11.6 2.2 0.0408 17.0 0.40
8e 0.43 2.8 2.5 ± 1.0 0.0183 37.9 0.18

Mean ± SD 0.58 ± 0.13 11.5 ± 2.4 2.3 ± 0.5 0.0545 + 0.0103 13.2 ± 2.9 0.22 ± 0.08

a Fraction of dose absorbed.
bElimination rate constant.
' Elimination half-life.
d Calculated from one dialysis exchange.
e Data from this subject were excluded from the calculated mean values from each kinetic parameter.

present study compares favorably with the values obtained
by Singlas et al. (19) in patients undergoing CAPD after
being given a 1-g dose intravenously. Also, in both studies,
with similar rates of dialysis fluid exchange, comparable
values for dialysis clearance of 2.7 ml/min (Singlas et al.
[19]), and 2.3 ml/min (present study) were obtained. The
percent contribution of CLD was also comparable in both
studies, a value of 17.4 + 8.9% being obtained by Singlas et
al. (19) and 20.0 ± 5.2% in the present study. The agreement
in calculated total CLp between the two studies validates the
method of calculation for the fraction of the 1-g dose that is
absorbed across the peritoneum.
The apparent V obtained in this study (0.22 ± 0.08

liters/kg) was similar to the value obtained by Singlas et al.
(19) (0.21 ± 0.03 liters/kg). Shepherd et al. (18), using a
high-pressure liquid chromatography assay for total
moxalactam, calculated an apparent V of 0.23 ± 0.05
liters/kg in healthy volunteers. Swanson et al. (20), after
studying patients with various degrees of renal failure, found
no correlation between the V at steady state and the degree
of renal dysfunction. The mean value obtained in healthy
volunteers (0.23 liter/kg) compared favorably with that ob-
tained by Shepherd et al. (18) (0.21 liter/kg) after intravenous
dosage under steady-state conditions. A V of this magnitude
is consistent with distribution mostly into the extracellular
fluid. Moxalactam is not highly bound to plasma proteins
(25), and thus it would be expected that, despite an ap-
proximate 33% increase in the plasma-free fraction during
renal failure (17), a less-than-proportionate increase in the V
would occur (16).
Data from one subject, patient 8, were comparable with

those from other subjects with respect to CLD, V, and the
fraction of the dose absorbed. However, the calculated total
CLp was considerably smaller, and the half-life was greater,
than the values obtained for the other seven subjects.
Nondialysis clearance was 11% of the total clearance, com-
pared with 80.0% in the other five anuric patients. Other
reports of half-lives greater than 30 h associated with total
CLp values of approximately 5 ml/min or less have appeared
(9). Diminished liver function, as indicated by chronically
elevated concentrations of gamma glutamyltransferase in
serum, may offer an explanation for the reduced nondialysis
clearance in patient 8.
Poor vascular access in CAPD patients may be the result

of fistulae in one or both arms from previous hemodialysis.
Since intravenous administration may be more difficult in
such patients, an alternative method of drug administration

via the peritoneal route is useful. The pharmacokinetic
parameters calculated in this study are in agreement with
those reported by Singlas et al. (19) after intravenous admin-
istration. Similarly, no substantial difference in pharma-
cokinetics between the intravenous and intraperitoneal route
of administration has been observed for cefoperazone (10),
cephalexin (4), tobramycin (5), and vancomycin (6). Hence,
intraperitoneal administration would be convenient in CAPD
patients infected with a microorganism for which
moxalactam is indicated. The CLp determined in the present
study is 10 to 15% of the CLp reported for normal subjects
(18). Assuming that 60% of the dose is absorbed after a 4-h
dwell time, then the suggested intraperitoneal dose regimen
is 1 g initially, which is allowed to dwell in the peritoneal
cavity for at least 4 h, followed by 15 to 25% of the
recommended dose for normal patients (0.5 to 2 g intra-
venously every 8 to 12 h for less severe infections [1]) given
at the same time intervals, or 30 to 50% of the recommended
dose at twice the normal time intervals.

During this study, concentrations of moxalactam in dialy-
sis fluid in the peritoneal cavity well in excess of the reported
MIC for the most common pathogen, Staphylococcus epi-
dermidis (8, 21), as well as other, less common pathogens,
were maintained for the dwell time of the initial dialysis
solution containing moxalactam. Because of its broad spec-
trum of antibiotic activity, moxalactam may be useful in the
initial treatment of suspected peritonitis in a CAPD patient
who does not have immediate access to antibiotic treatment
directed at the causative organism. One or two successive
1-g doses of moxalactam could be given intraperitoneally
and allowed to dwell for approximately 4 h, during the time
between the development of the symptoms of peritonitis and
identification of the pathogen. However, it is unlikely that
moxalactam will be the agent of choice once microbiological
identification is made, since other antibiotics which are more
effective against the microorganisms usually isolated from
the dialysate are recommended (23).
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